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Surveillance data show that pesticide-related illness is an
important cause of acute morbidity among migrant farm
workers in California. A few categories (organophos-
phates and carbamates, inorganic compounds, and
pyrethroids) account for over half of the cases of acute ill-
ness. Skin effects dominate the illnesses, although ocular
and systemic effects are also common. Exposures occur in
various ways (e.g., residues, drift), suggesting that the use
of pesticides creates a hazardous work environment for all
farm workers. The health care system provided through
the Migrant Health Program appears to be underutilized,
partially due to barriers to health care access. Pesticide
hazards should be ranked based on acute toxicity, chronic
toxicity (including reproductive risks), carcinogenic
potency, volume applied, and magnitude of worker poi-
sonings. Current surveillance effort should be supported.
Risk prevention should focus on substitution of safer com-
pounds, establishing effective protections, and ensuring
that these measures are enforced. Improved education for
health care providers should be a priority. Growers should
be educated about alternative forms of pest control and
incentives should be provided to encourage their use. Key
words: pesticides; migrant farm workers; risk prevention.
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many industrialized nations, agriculture has repeat-

edly been shown to be among the most hazardous
industries in the United States.! Labor-intensive agri-
cultural practices have yielded significant increases in
crop production and a heightened demand for work-
ers.2 At the same time, there has been a trend for hired
farm labor to replace family operations.? Estimates of
the numbers of hired farm workers in the United States
range from 1.8 to 2.5 million.*® While injuries play a
considerable role in the risks posed by farm work, pes-
ticide-related illnesses affect a large number of workers
each year. The importance of pesticide-related health
problems in farm workers has been addressed by sev-

l n spite of improvements in working conditions in
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eral authors.2?% However, it has also been noted that
there is a paucity of research involving farm-worker
populations. One study concluded that it was not pos-
sible to accurately determine the nature and extent of
occupational pesticide illness on farms.” Pesticide-
related illness and injury have been recommended for
placement under surveillance by the National Public
Health Surveillance System, although the focus of this
initiative has not specifically been on farm workers.® An
expert panel convened by the National Institute for
Occupational Safety and Health (NIOSH), part of a
congressionally mandated agricultural health and
safety initiative, recently ranked pesticide-related illness
among farm workers as the second of nine priority
areas to be targeted for surveillance (musculoskeletal
conditions received the highest ranking).?

While there is insufficient information to fully
describe the magnitude and consequences of pesticide-
related illness among U.S. farm workers, this article pres-
ents current data to characterize this issue. The National
Agricultural Workers Survey (NAWS) describes the farm-
worker population; existing surveillance systems illus-
trate aspects of pesticide illness among farm workers.
Finally, effective implementation of existing regulations
and other strategies are suggested for the prevention of
pesticide-induced illness.

FARM WORKERS IN THE UNITED STATES:
THE NAWS

Farm workers are at increased risk for pesticide-related
illness because they are more likely than other workers
to be exposed to pesticides. The NAWS data illustrate
other factors that may account for U.S. farm workers’
high risk for pesticide-related illness. Cultural and lan-
guage differences among the farm-worker population
may act as barriers to occupational health. Ability to
read and understand English may be needed for pesti-
cide warning signs, educational materials, and training
to be effective. Training may not be appropriate for the
educational level of most farm workers. Adverse effects
of pesticide exposures may be of special concern for
young workers and for families of farm workers who
may be poorly trained. Farm-worker migration may be
detrimental to health because workers may not be
familiar with the hazards of their ever-changing work-
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places. Migration may also result in inconsistent access
to and quality of health care, as well as lack of continu-
ity in care for chronic conditions. Poverty may com-
pound the problems of poor general health status.
Finally, farm workers who lack legal immigrant status
may be unwilling to seek health care, especially for
work-related illnesses. The NAWS is the only nationally
representative survey of crop agricultural workers and is
carried out by the U.S. Department of Labor, taking
into account the seasonality and distribution of agricul-
tural work done in the United States.” The survey has
been done in three cycles yearly since 1989, and its data-
base has more than 27,000 farm-worker interviews.” The
U.S. Departments of Labor, Agriculture, and Health
and Human Services have different purposes for esti-
mating how many farm workers there are, and therefore
have different definitions for farm workers, and for
migrant farm workers. The U.S. Department of Labor
estimates the number of crop agricultural workers in
the United States at approximately 1.8 million.

U.S. farm workers are predominantly Mexican-born.
In 1997-1998, more than three fourths (77%) of the
farm workers working in crop agriculture had been
born in Mexico. Of the remainder, 4% were foreign-
born in countries other than the United States, and
19% were U.S.-born Hispanic, often children of farm
workers. The agricultural labor force has included a
large percentage of Mexican nationals ever since World
War II created labor shortages and later, in 1951, when
the “Bracero” or manual laborer program inviting Mex-
icans to work in U.S. agriculture was authorized by
Public Law 78.1° Even considering this, the percentage
of U.S.-born workers has decreased consistently since
the NAWS began, from 39% in 1989 to 19% in
1997-1998. In addition to Mexico, workers also come
to the United States from Central America and the
Caribbean.? Almost a third (32%) of the foreign-born
farm workers have been in the United States two years
or less, and a little more than a fourth (27%) have been
living in the United States for 15 years or more.’

One in five farm workers had less than three years of
schooling; the median number of years of school com-
pleted was six. Few farm workers (15%) had completed
12 years of formal education. As is to be expected from
their country of birth, the native language of 84% of
farm workers is Spanish; English as a native language
was spoken by only 12%. Less than 5% of foreign-born
Hispanic farm workers reported that they could read
and speak English well. Of the farm workers who said
they could speak English well, 95% had lived in the
United States for five years or more; 87% of those who
reported they could read English well had lived in the
United States five years or more.’

More than half (56%) of all farm workers travel to
find work. Some (17%) travel from crop to crop during
the season, finishing one agricultural job and moving
on to the next. This is probably how most Americans

think of migrant farm workers. More commonly, farm-
workers leave their home bases where they are settled,
go to other places to work in the fields, and at the end
of their employment, return to their homes. A little less
than two fifths of these “shuttle” farm workers have
their home bases outside the United States. Shuttle
migrants, especially international shuttle migrants, may
also be new farm workers who are coming to the
United States for the first time, and because of that
they have their homes in Mexico and jobs in the United
States. Forty-four percent of the workers are settled and
do not work more than 75 miles from their homes.’

Half of all farm workers in the United States are less
than 29 years of age. Approximately 6% are 14 to 17
years of age. Only 15% of the workforce is more than
45 years of age, although a few workers do manage to
continue to work to quite an old age. In 1997-1998 as
many as 180,000 farm workers in the United States
were 55 years old or older.’

Male farm workers comprise 80% of the agricultural
workforce in the United States. This percentage has
also risen since the NAWS began collecting data on
farm workers, from 72% in 1989 to 80% in 1997-1998.
This may be due to stricter U.S.—Mexican border
enforcement, which allows only those willing to take
extreme risks to cross, risks that may preclude women
with small children. Approximately half of farm work-
ers are married, but only 45% of those who are mar-
ried, or one fourth of farm workers, were living with
spouses at the time of the interview. Farm-worker
women were more likely to be living with their children
than were farm worker men, 91% versus 42%.°

Approximately 10% of farm workers were paid less
than the U.S. federal minimum wage, taking into con-
sideration the increases that occurred in the minimum
wage during this time. In comparing different types of
farm work, only supervisory positions were compen-
sated more than the average wage. Fifty percent of
farm-worker families earned wages that placed their
incomes below the poverty level.?

Even with incomes below the poverty level, only about
one in five farm workers (17%) used government needs-
based services, such as Temporary Assistance to Needy
Families (TANF), welfare, publicly provided housing, or
medical and nutritional assistance such as Women,
Infants, Children (WIC), food stamps, or Medicaid.> More
than one third (35%) felt that health care was difficult to
obtain in the United States; they felt that it was too expen-
sive and that the staff did not speak their language.!!

Most U.S. farm workers are underemployed and
work without legal authorization. For the 12 months
preceding the survey, farm workers interviewed in 1997-
1998 had spent an average of 47% of the year employed
in farm work, 24% living outside the United States, 19%
unemployed in the United States, and 8% in non-farm
employment. Generally, the number of weeks of farm
work in a year dropped in all sectors, from 28 weeks in
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1990-1992 to 25 weeks in 1996-1998 for foreign-born
farm workers, and for U.S.-born farm workers from 24
weeks to 23 weeks in the same time period. The major-
ity of farm workers (60%) had held just one farm job
during the previous year. Another 33% had had two or
three jobs. Most of those with disruptions in their work
had left jobs because they were laid off, or the season
ended, or for other reasons beyond their control. More
than half of farm workers interviewed in 1997-1998
reported that they did not have work authorization and
were citizens of countries other than the United States.
About a fifth (22%), were citizens, and a fourth (24%)
were legal permanent residents.’

SURVEILLANCE FOR PESTICIDE-RELATED
ILLNESS

Surveillance involves the timely, ongoing, systematic col-
lection and assessment of a health endpoint and is cru-
cial for the identification and prevention of illnesses.!>!3
While surveillance for pesticide-related illness has been
conducted in some parts of the United States for some
time, only recently has a nationally uniform system been
initiated. The National Institute for Occupational Safety
and Health (NIOSH) has led this coordinated endeavor
for pesticiderelated illness surveillance. To the extent
possible, standardized data collection, abstraction, and
case classification procedures are followed.!* Currently,
eight states (Arizona, California, Florida, Louisiana,
New York, Oregon, Texas, and Washington) participate
to varying degrees in this national surveillance
effort.’!® The United States Environmental Protection
Agency (U.S. EPA) also supports this program. Most
states that have active surveillance programs have mix-
tures of state and federally funded programs. Although
none of these surveillance programs is specific for farm
workers, the NIOSH and U.S. EPA programs focus on
agricultural pesticide-related illnesses.

California’s pesticide-related illness surveillance
system is the oldest in the United States.!” California law
requires physicians to report both suspected cases of
occupational illness or injury and pesticide-related ill-
ness. Under a statute enacted in 1971 and amended in
1977, health care providers are mandated to report pes-
ticide-related illnesses by telephone to the local health
officer within 24 hours of examining affected patients.'®
Occupational illnesses are required to be reported
within five days to the workers’ compensation insurance
claims administrator.'? Pesticide-related illness incident
investigations supplement surveillance activities and
theoretically serve to decrease pesticide-related adverse
effects to health and the environment through (1) cita-
tions and fines issued to employers that may deter
future infractions, (2) adjustment of regulations, such
as restricted entry intervals, buffer zones, or require-
ments for use of personal protective equipment, and
(3) recommendations of strategies, such as substitution

of less toxic compounds, engineering controls, or other
policy changes, to prevent similar incidents from recur-
ring.?” The majority of these investigations are carried
out by the County Agricultural Commissioners, and
their focus is on regulatory violations, rather than on
the health hazards of farm workers.

While surveillance is vital to the prevention of ill-
nesses and injuries, its efficacy is reduced because pesti-
cide-related illness incidents are undercounted. The
California system, which is large and complex, illus-
trates why surveillance may fail to capture many cases of
pesticide-induced illness. If the association with pesti-
cides is recognized, large-scale incidents, hospitaliza-
tions and deaths may enter the California surveillance
system by direct reporting to county and state authori-
ties. However, for the majority of pesticide-related ill-
nesses to be detected by the California surveillance pro-
gram, the individual must seek medical care, the health
care provider must recognize that the illness may be
related to occupational or environmental exposure to
pesticides and report the illness on the appropriate
forms, and the forms must make their way to the appro-
priate agencies. If a breakdown occurs during any step
of this process, illness cases may not be detected.

Although quantitative results are lacking to directly
assess the number of cases lost during each step of the
reporting process, evidence exists to suggest that the
pesticide-related illness surveillance data are incom-
plete. Many studies suggest that undiagnosed cases out-
number diagnosed cases.?'?? A study in California
showed that approximately 40% of workers whose pesti-
ciderelated illnesses were reported to a surveillance
system indicated that coworkers involved in the same
exposure incidents had not sought medical treatment.?®
Pesticide-induced illnesses are undercounted partly
because farm workers may not seek medical care for
them, or they may seek it abroad. A recent survey docu-
mented the poor health status of farm workers in this
state.?* Nearly a third (31.8%) of male farmworkers and
12% of females surveyed had never been to a doctor or
clinic. Of those who had sought medical care, 18% had
done so in Mexico. Multiple factors, including lack of
transportation and insurance benefits, language barrier,
cost, clinic hours that conflict with working hours, and
ongoing shifts in location, may result in poor care in
general as well as decreased recognition of pesticide-
induced illness.>?*28 Occupational illnesses may not be
recognized or reported by workers and clinicians alike.
In the California survey, 18.5% of farmworkers reported
having had workplace injuries at some point in their
farm careers that had been compensated by payments
to them under the California Workers Compensation
Insurance System. While this survey did not assess the
proportion of occupational illness claims that were com-
pensated, lack of insurance coverage or lack of aware-
ness about such coverage may have contributed to these
farm workers’ reluctance to seek medical care.?*

VOL 7/NO 4, OCT/DEC 2001

Pesticide lliness in Migrant Farm Workers ¢ 305



Insufficient training for clinicians results in
decreased recognition, treatment, and prevention of
pesticide illnesses. Although U.S. medical school train-
ing in environmental and occupational issues in general
has improved over the past decade, the majority of cli-
nicians do not receive specific training relevant to the
potential adverse health effects and management of
pesticide exposures.?3 Lack of training and awareness
may result in frequent misdiagnoses of pesticide poi-
sonings as other common illnesses, such as viral gas-
troenteritis.® Without training, clinicians may be unable
to adequately assess the need for and availability of work
modifications or removal from work, resulting in con-
tinued occupational exposures to pesticides. Unfamil-
iarity among health care providers regarding state-spe-
cific illness reporting requirements also contributes to
underreporting of pesticide-related illnesses.

Adverse reproductive health outcomes and certain
cancers and neurologic disorders are some health con-
ditions that have been associated with pesticide expo-
sures, although few studies have focused on U.S. farm
workers, whose exposures may be quite different from
those of other groups.?-% Surveillance systems fail to
capture these and other chronic health effects, for sev-
eral reasons. Clinicians may be unaware of potential
associations between occupation, low-level pesticide
exposure, and illness due to lack of training. They may
also feel unqualified to determine etiology in an individ-
ual case if the literature is inconsistent, as it may be with
chronic pesticiderelated health effects.?® Making links
between specific classes of pesticides and chronic effects
is limited by exposures to multiple agents, inadequate
exposure assessment, and difficulty in long-term follow-
up.®”% Finally, the resources available to determine the
causes of chronic illnesses in individual farm workers
(time, expense, tertiary referral centers) may be limited.

PESTICIDE ILLNESS IN CALIFORNIA FARM
WORKERS

California, the top agriculture-producing state in the
United States, provides an optimal example to illustrate
the role of pesticides in farm-worker health.®® Mild
weather in most parts of the state allows yearround
agriculture. Furthermore, significant amounts of pesti-
cides are used to maintain high-volume agricultural
production in this state. Over 200 million pounds of
pesticide use was reported in California in 1999, of
which over 90% (186 million pounds) was in produc-
tion agriculture.?’ During this period, over 60 million
pounds of the pesticides used (30% of total reported
use) were on California’s list of chemicals known to
cause cancer or reproductive harm. Finally, large num-
bers of farm workers are required to maintain labor-
intensive agricultural production. Pesticide-related ill-
ness among farm workers is an especially important
issue in California because of the number of farm work-

ers in this state and the volume of pesticides used. One
third of all farm workers in the United States, between
0.6 and 0.75 million, depending on the estimate, work
in California, creating a very large population of work-
ers at risk for pesticide poisoning.54!

While California farm workers are similar to their
national counterparts in many respects, some differ-
ences exist. A greater proportion of California farm
workers are foreign-born (95% vs. 81% nationally).
Most (91%) are from Mexico and communicate in
Spanish (95%).* Four in ten California farm workers
do not have legal authorization to work in the United
States. California farm workers, like those nationally,
are hired laborers. While the majority of California
crop workers are hired directly by growers and packing
firms, nearly a third are employed by farm labor con-
tractors. Employees of California farm labor contrac-
tors are less likely than are those hired directly to be
aware of mandatory employment benefits, such as cov-
erage by the unemployment insurance system (46% vs
61%) and worker’s compensation coverage for work-
related illnesses and injuries (83% vs 93%).

Although incomplete reporting most likely results in
underestimation of the magnitude of pesticide-related
illness, surveillance data serve to illustrate that pesticide-
related illness continues to pose a significant occupa-
tional hazard for California farm workers. The Califor-
nia Department of Health Services (CDHS) participates
in a multi-state standardized occupational pesticide-
related illness surveillance system funded by NIOSH and
U.S. EPA, as described above. Reports filed by health
care providers, including poison control centers, under
the mandatory reporting requirements in this state!1
and supplemental medical records form the basis of this
passive surveillance system.!® Information for these cases
is coded and classified according to a standardized
system developed by NIOSH.!*

For the two-year period 1998-1999, 1,156 non-disin-
fectant occupational pesticide-related illnesses were
reported to the CDHS system. The agricultural indus-
try accounted for the largest fraction (54.3%) of these
cases.” For the same time period, agricultural workers
accounted for nearly half (48.7%) of all pesticide-
related illness cases. Farm workers accounted for 486 of
these illnesses (85% of agricultural workers and 42% of
all pesticide-related illnesses). These farm workers were
predominantly Hispanic (85% of all farm-worker
cases), young adult (mean age 34.7) males (79.6%)
(Table 1). Farm workers were defined as those per-
forming any tasks related to crop production, and
included supervisors. Livestock workers were excluded.

The most common causes of farm-worker illnesses
reported to the CDHS surveillance system in 1998-1999
were the cholinesterase-inhibiting pesticides, e.g., the
organophosphates, and N-methyl carbamates (20.2%),
followed by inorganic compounds such as sulfur and
copper compounds (13.6%) and pyrethroids (8.0%).

306 e« Dasetal

INT J OCCUP ENVIRON HEALTH



Most farm-worker pesticiderelated illness cases where
the pesticides were identified (75.9%) reported expo-
sures to single pesticides. The remaining cases involved
exposures to two or more pesticides. The reporting
health care providers most commonly obtain informa-
tion about the numbers and types of pesticides involved
in suspected illness incidents from the patients. Since
farm workers, particularly field workers, may not have
complete information about the pesticides to which they
have been exposed, these data may underestimate the
number of pesticides associated with illness incidents.

Farm-worker illnesses most commonly involved der-
matologic symptoms or signs (44.2%), followed by
those related to the nervous (38.7%), gastrointestinal
(38.1%), ocular (32.5%), and respiratory (23.7%) sys-
tems (Table 1). Signs and symptoms involving more
than one organ system were reported in nearly half the
cases (46.5%). Nearly a third of the farm workers
reported to the CDHS system (29.2%) lost eight hours
or more from work as a result of pesticide-related ill-
ness. The etiology of time lost from work is multifacto-
rial, and depends on diagnosis, illness severity, subjec-
tive judgment by clinicians, and worker reluctance to
miss work due to fear of lost wages.

Over a fourth of the farm-worker illnesses reported
to the CDHS surveillance system in 1998-1999
occurred from exposures while mixing, loading, or
applying pesticides (28.6%) (Table 1). Most of the ill-
nesses were incurred while the farm workers were per-
forming “routine activities” (except for mixing, load-
ing, and applying), primarily working in the fields. In
1999, the most commonly reported route of exposure
for farm workers with pesticide-related illnesses was
dermal (41.3%), followed by inhalation (24.2%) and
ocular (11.3%). Exposures in 1999 were most fre-
quently due to direct contact with pesticides (17.5%),
followed by contact with treated surfaces (13.8%),
direct spray with pesticides (14.8%), and drift away
from the site of application (14.4%).

These data show that pesticiderelated illness is an
important cause of acute morbidity in California farm
workers. The magnitude of acute illnesses is most likely
underestimated, for reasons described earlier. Many con-
ditions, especially persistent effects due to acute expo-
sures or chronic health effects due to long-term expo-
sures, remain undetected by this system. The acute
illnesses reported to the surveillance system are due to
many classes of pesticides, but a few well-known categories
account for over half of the cases. Skin effects dominate
the farm-worker illnesses, although ocular and systemic
effects also commonly occur. While application of pesti-
cides remains a high-risk activity, the data suggest that
most farmworker pesticiderelated illnesses are incurred
while they are performing other tasks in the fields. Expo-
sures to pesticides occurred in several ways (e.g., residues,
drift), illustrating that the use of pesticides creates a haz-
ardous work environment for all farm workers.

TABLE 1 Selected Characteristics of 486 Farm Worker
Pesticide lliness Cases Reported to the California
Department of Health Services Pesticide lliness
Surveillance System during 1998-1999*

Demographic characteristics
Hispunict 413  (85%)
Muale 387 (79.6%)
Age meun (ruhye) 34.7 (13-73 yeurs)

Pesticide illnesses by category+
Orgunophosphutes

98 (13.1%)

N-methyl Carbumates 54 (7.2%)
Inorgunic compounds 102 (13.6%)
Pyrethroids 60 (8.0%)
Thiocarbumates 19 (2.5%)
Oryunochlorines 40 (5.3%)
Other 243 (32.1%)
Unknown§ 137 (18.2%)

Orgunic systems uffected
Dermutoloyic
Ocular
Nervous system
Gustrointestinal

215 (44.2%)
158 (32.5%)
188 (38.7%)
185 (38.1%)

Respiratory 115 (23.7%)

Other 99 (20.3%)
Time lost from work

Yes 142 (29.2%)

No 235 (48.4%)

Unknown§ 109 (22.4%)
Activity when illness occurred

Applying pesticides 116 (23.9%)

23 (4.73%)
313 (64.4%)
12 (2.5%)
22 (4.53%)

*A totdl of 1,156 cuses were reported to the system during
1998-1999. Furm workers were defined by census occupu-
tional code. All variables were coded und clussified accord-
ing to criteriu developed by NIOSH. See text for detuils.

tBused on lust hame. Ethnicity information is not collected
on reporting forms.

Findividudls may be exposed to more than one cluss of pes-
ticides, so the number of illness incidents is greuter than
number of farmworkers.

§The variable waus hot identified from mandatory reporting
forms und medicul record review.

fIMore thun one orgun system could have been involved
for an individual.

¢Routine work activity, not involved with pesficide applicu-
tion; primarily field work.

Mixing or louding pesticides
Routine activity¢

Other

Unknown

PREVENTING ILLNESS THROUGH
REGULATION

Farm workers have fewer protections under law than
do other workers in the United States. Generally, there
is a wide array of protections for workers in the United
States today. Unfortunately, many of these do not apply
to agricultural workers.** While 12 states do offer full
coverage of occupational illness or injuries for agricul-
tural workers, 13 states do not offer any coverage. The
remaining states offer some coverage, with restrictions
that may be related to size of employer, time with the
employer, or some other provision.® The Fair Labor
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Standards Act excludes some agricultural workers from
minimum wage protections and from overtime-pay
requirements.>**47 In agriculture, unlike other indus-
tries, children of any age are considered legal to work
in some tasks and situations.?> Moreover, children may
also be employed in work designated dangerous at
younger ages than in other industries. Finally, the
National Labor Relations Act excludes farm workers
from its protections of the right to organize and bar-
gain collectively.*

Two sets of regulations, the Field Sanitation Stan-
dard and the Worker Protection Standard (WPS), are
relevant to pesticide-related health effects in farm
workers. These federal regulations are enforced either
by state governments or by federal OSHA in states
without state-based OSHA plans. The Field Sanitation
standard, promulgated by the Occupational Safety and
Health Administration (OSHA), specifies require-
ments for provision of potable water, toilets, and hand-
washing facilities.®® While this standard is aimed at the
reduction of heatrelated illness and communicable
disease, hand washing may help to reduce pesticide
exposures by decreasing exposure by dermal contact
and ingestion. Although the Field Sanitation standard
does not cover growers with ten or fewer employees
nationally, states may impose more stringent require-
ments. For example, California’s Field Sanitation Stan-
dard applies to all employers.*

The U.S. EPA’s WPS for agricultural workers was
promulgated in 1992, fully implemented in 1995, and
amended in 1996.5° The WPS is a regulation aimed
specifically at reducing the risk of pesticide poisonings
and injuries among agricultural workers and pesticide
handlers. The WPS contains requirements for pesticide
safety training, notification of pesticide applications, use
of personal protective equipment, restricted entry inter-
vals following pesticide application, decontamination
supplies, and emergency medical assistance. The WPS
states that farm workers who enter an area that has been
treated with a pesticide during the preceding 30 days or
that is subject to a restricted entry interval must receive
pesticide safety training covering specific topics related
to pesticide exposure in a language they understand.
Workers must be trained before they work more than
five days in a treated area; training must be repeated at
least every five years. There are additional training
requirements for those who work in enclosed areas, such
as greenhouses, and for pesticide applicators.

Based on farm-worker surveys, there is considerable
regional variation in employer compliance with these reg-
ulation smplementation of the regulations. A survey of
California farm workers showed that 57% of the respon-
dents admitted to receiving training in the safe use of pes-
ticides. In contrast, only approximately a third (35.2%) of
North Carolina farm workers had ever received training
about pesticide safety. ® Such training had been brief,
with little opportunity for worker interaction.

In addition to training, the WPS has other require-
ments. An employer must clearly post in a central loca-
tion as well as at the entrances to treated fields, infor-
mation about pesticides that have been applied, and
the restricted-entry periods. Like training, employer
compliance with regulations requiring worker notifica-
tion of pesticide applications varies. North Carolina
farm workers had poor knowledge of the sources of pes-
ticide exposure and methods for preventing exposure.
Fewer than half of these workers reported that their
employers had told them when pesticides had been
applied (48.1%) or posted signs around treated fields
(48.3%). Only 37% stated that their employers posted
information about pesticide applications in a central
location.’? Failures to comply with requirements
regarding notification of pesticide application and the
appropriate restricted-entry interval have resulted in
significant morbidity among farm workers.??

Compliance with the Field Sanitation standard is gen-
erally higher than compliance with the WPS. In Califor-
nia, toilets were available to 88% of farm workers sur-
veyed, potable water and disposable cups to 79%, and
wash water to 82%.%% In North Carolina, drinking water
was always or usually available to the majority of farm
workers surveyed (89.6%), although disposable cups
(69.9%), separate wash water (44.1%), and toilets
(28.2%) were not as prevalent.’! Employer compliance
with sanitation requirements does not ensure the pro-
tection of farm-worker health and safety. Both farm
workers’ and employers’ beliefs may affect sanitation
practices. Employers underestimate the risks of pesticide
exposure faced by workers and feel that farm workers do
not want to use safety and sanitation facilities provided to
them, while farm workers report that employers do not
adhere to regulations. 2 Cultural beliefs and perceptions
of lack of control may account for farm workers’ reluc-
tance or inability to engage in safe work practices.>

In addition to these federal regulations, California
has a unique regulation directed at protection of certain
agricultural workers. California law requires biologic
monitoring of certain workers for cholinesterase-
inhibitor toxicity.> Problems with methods and inter-
pretation of cholinesterase tests affect the efficacy of this
program.’® Moreover, this regulation applies only to agri-
cultural workers who mix, load, or apply U.S. EPA Acute
Toxicity Category I or II cholinesterase inhibitors for
seven or more days out of a 30 day period. Although the
population of workers to whom it applies has not been
well characterized, they are likely to be stable, long-term
workers. Thus, most farm workers are unlikely to be cov-
ered by this biologic monitoring program.

HEALTH CARE FOR FARM WORKERS

The Migrant Health Act, signed into law on September
25, 1962, authorized the delivery of primary and sup-
plemental health services to migrant and seasonal farm
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workers. The Migrant Health Program within the
Bureau of Primary Health Care, Health Resources and
Services Administration, was re-authorized under the
Health Centers Consolidation Act of 1996. This Act
combined programs for community health centers,
migrant health centers, health care for the homeless,
and primary care for residents of public housing.”” The
act provides for the care of migrant and seasonal agri-
cultural workers and their families as well as individuals
who were formerly migratory agricultural workers, and
their families, but have left farm work because of age or
disability.® The Migrant Health Program provides this
care through grants to more than 125 public and pri-
vate nonprofit organizations, which operate approxi-
mately 400 clinics in 42 states and Puerto Rico. In 1999,
the Migrant Health Program estimated that the clinics
served 600,000 migrant and seasonal farm workers.?

The Migrant Health Centers are located throughout
the United States and Puerto Rico. California has the
greatest number of Clinical Service Sites, with 108,
according to the Migrant Health Centers Referral
Directory 1998-1999. Texas (66 sites), Florida (59
sites), Washington (45 sites), and South Carolina (37
sites) are in the top five in number of Clinical Service
Sites. The other states have between 0 and 28. The
migrant clinics provide comprehensive primary and
preventive care services to everyone, including the
undocumented population, on a sliding-fee-scale
basis.®® For community health center clinics, farm
workers are qualified based solely on their incomes.
Legal residence is not required to receive care. Since
the programs are administered by the 125 public and
private nonprofit organizations, there is not a uniform
intake form for determining farm-worker status. Since
farm workers travel away from their home bases for
their work, continuity of care may suffer. The Migrant
Health Program appears to be underutilized by farm
workers. Based on NAWS data, while only 26% of farm
workers had used any health care in the last two years
in the United States, 46% of those who were accompa-
nied by family members had used health care.!! This
could include children or wives, and may represent an
emphasis of the clinics on prenatal care.

In a study done in California on farm-worker access
to health care, many obstacles were mentioned.®® This
was true even though those who were the most unlikely
to receive health care, single males, homeless, and
households where all members were not documented,
were excluded from the study. During peak season, fam-
ilies would lose benefits because a rise in income would
disqualify them for the programs. In addition, farm
workers found that applying for public insurance pro-
grams was difficult and confusing and that even the
farm-worker advocates did not know the availability of
programs. Compensation for occupational pesticide-
related illnesses is equally problematic for farm workers.
In addition to the lack of workers’ compensation insur-

ance in some states, nationally, awards for agricultural
deaths, illnesses, and injuries are substantially lower
than in other industries.!®%? Finally, one problem with
farm workers receiving care for work-related health
problems goes beyond access to health care. Inadequate
training of clinicians calls into question their ability to
recognize and treat problems that are specific to the
occupational health risks involved in farm work.?

CONCLUSIONS AND RECOMMENDATIONS

Hired farm workers provide crucial support for U.S.
agriculture and in return face hazardous working con-
ditions and receive inadequate protections. The NAWS
reports that U.S. farm workers are predominantly Mex-
ican, male, low-paid, and underemployed, with little
formal education, and with no legal authorization to
work. In addition, even those who do have authorization
to work do not have the same protections afforded to
non-agricultural workers in the United States in areas
such as worker’s compensation insurance, overtime pay,
restrictions of child labor, and right to organize unions.
Pesticides are one of the hazards to which farm workers
are exposed during the course of their work. Surveil-
lance programs have the potential to identify crucial
issues regarding occupational pesticide-related illness
and methods of prevention, but obstacles result in
underreporting of illnesses. Nonetheless, surveillance
data illustrates that farm workers in the United States
are at high risk for pesticide-related illness.

One third of U.S. farm workers work in California.
The CDHS surveillance data illustrate the complex
nature of pesticide exposures and related illnesses in
farm workers. Most non-disinfectant pesticide illnesses
in agriculture occur in farm workers. Cholinesterase-
inhibiting pesticides continue to cause large numbers
of acute pesticide-related illnesses among farm work-
ers, although other pesticide categories also contribute
significantly to the illness burden. Consistent with the
literature, dermal exposure is the predominant expo-
sure route for California farm workers with pesticide ill-
ness.%% Dermatologic signs and symptoms are the
most commonly reported manifestation of pesticide-
related illness, although ocular and various systemic
effects are also reported. Although mixing, loading,
and applying pesticides remain high-risk activities for
pesticide-related health effects, the majority of farm
workers are exposed while working in the fields. These
workers may be exposed following entry of treated
fields or through drift of pesticides from neighboring
fields. Exposure to residue may occur even in the
absence of re-entry violations. Finally, farm workers’
families may be exposed to pesticide residues through
contaminated items brought into the home.**%7 This is
of concern to children, the elderly, and those with
chronic diseases, who may be particularly vulnerable to
adverse health effects of pesticide exposure. Moreover,
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unlike many other working populations, farm workers
themselves may be in poor general health and may also
be more susceptible to pesticide-related effects.?*

Farm-worker pesticide exposures are poorly charac-
terized for several reasons. First, pesticides are rarely
used alone. Rather, they are typically applied often and
in varying combinations.® Lack of consistent chemical
combinations and poor data on the effects of multiple
simultaneous exposures result in difficulty predicting
health effects and attributing them to particular pesti-
cide classes.®” In addition to multiple active ingredients,
pesticide formulations contain “inert” ingredients, for
which toxicity testing is incomplete.**’ Manufacturers
are currently not required to disclose the identities of
these compounds, although health care providers may
obtain this information to fully evaluate potential
adverse effects in their patients. Furthermore, farm
workers may work for multiple employers and on multi-
ple crops within short time frames, making it difficult to
identify the actual pesticide exposures.*? In many cases,
exposure doses and their physiologic effects may be dif-
ficult to ascertain due to several factors, including vari-
able environmental conditions that result in inconsis-
tent deposition and degradation, and limited
information about the correlation between exposure
measures and physiologic effects.571-74

While the U.S. EPA’s WPS provides for decontami-
nation or hand-washing facilities for workers who come
in contact with certain chemicals regardless of the
number of employees, the Occupational Safety and
Health Act does not cover growers with ten or fewer
employees. This exempts small growers from the
requirement to provide such necessities as toilets,
drinking watern and hand washing facilities at field-
work sites.” Cultural and language barriers between
employers and farm workers, and variable implementa-
tion of requirements by employer account for some of
the reduced efficacy of these standards.

Reducing pesticide illnesses among farm workers
requires a multifaceted approach. A coordinated strat-
egy has been suggested that includes three major com-
ponents: 1) risk prevention, 2) risk assessment, and 3)
risk management.®?

Risk prevention is the most important of the
approaches to reduce pesticide-related illnesses among
farm workers.%? Industrial hygiene principles recom-
mend the removal of contaminants through material
substitution as the preferred hazard-control strategy.”
The elimination of the use of toxic substances and the
substitution of alternative methods is a primary goal of
sustainable agriculture.? Health care providers can act
as advocates for farm-worker health by taking a stance
against the use of toxic pesticides in agriculture.”
There is a need for increased research into alternative
methods for pest control that are less harmful to both
the environment and human health. In addition, it is
crucial to provide education and incentives to growers

to inform them of the availability of these alternatives
and to encourage their use.

A risk-assessment approach involves identifying the
most hazardous pesticides that need controls. Cur-
rently, toxicity risks are ranked independently of each
other. Instead, pesticide hazards should be ranked in a
matrix based on acute toxicity, chronic toxicity (includ-
ing reproductive risks), carcinogenic potency, volume
applied, and magnitude of worker poisonings. To sup-
port this endeavor, current pesticide illness surveillance
efforts, especially for work-related conditions, should be
supported, and similar measures expanded to states
where such programs do not currently exist.® To fully
characterize pesticide risks, the U.S. EPA’s proposal to
require listing of “inert” ingredients on labels should be
supported.” Limitations in exposure assessment should
be addressed by research methods. Farm workers, espe-
cially field laborers, should be included in research on
chronic pesticide-related health effects. Although sur-
veillance is important and should continue, assessments
of chronic exposures and the resulting health outcomes
are currently best addressed by other study designs.”®7?

Risk management for farm-worker occupational pes-
ticide risks should focus on high-priority issues identi-
fied through risk assessment, establish effective protec-
tions, and ensure that these measures are enforced.%
First, the risk-assessment process and the precautionary
principle should guide full evaluation of pesticides
prior to registration, banning, or phasing out pesti-
cides, and regulatory restrictions on use (e.g., use by
certified applicators). Enforcement of restricted-entry
requirements, the Field Sanitation standard, and the
WPS is needed to ensure that current laws protect
farmworker health.

Farm workers will benefit from enforcement of the
hazard communication and training requirements of
the WPS only if these regulations are consistently and
appropriately applied and obstacles to implementation
are addressed. At this time, the U.S. EPA is conducting a
national assessment to determine whether the WPS is
meeting its intended goals of addressing risks to agricul-
tural workers. Training should take into account lan-
guage, literacy, and cultural barriers. Farm workers
should also be educated regarding their rights and the
availability of services, including their access to preven-
tive medical care and occupational health services. Legal
protections, such as worker’s compensation coverage,
should be extended to states that do not provide them,
to ensure that farm workers are provided treatment for
work-related illnesses and injuries in all states. Since
farm workers do not currently have sufficient power to
obtain occupational health and safety protections
through collective bargaining, advocates, including
health care providers, may need to act on their behalf.®?

Education of employers and clinicians is also needed
and should address issues of cultural beliefs and prac-
tices of all groups involved and how these might affect

310 ¢ Dasetal

INT J OCCUP ENVIRON HEALTH



medical care and the implementation and efficacy of
pesticide safety regulations. Improved education for
health care providers regarding occupational health
problems faced by farm workers, including pesticides,
should be a priority at all levels of clinician training.
Clinicians serving the Migrant Health Centers should
be specifically targeted for such training. In a recent
survey, clinicians working with migrant farm workers
cited pesticides as the most important environmental
and occupational problem facing farm workers.?® The
majority of clinicians surveyed felt that they would ben-
efit from training related to pesticide health effects.
Some of these issues are being addressed by federal
agencies, nongovernmental organizations, and com-
munity—based groups, but involvement of state and
local governments and increased collaboration
between all groups are needed.?

The authors thank Ximena Vergara for technical assistance.

References

1. Bureau of Labor Statistics. Occupational Injuries and Illnesses
(Annual): 1999. Available at: <http://stats.bls.gov/news.
release/osh.toc.htm>.

2. Villarejo D, Baron S. The occupational health status of hired
farm workers. Occupational Medicine: State of the Art Reviews.
1999;14:613-35.

3. McDuffie HH, Dosman JA, Semchuk KM, Olenchock SA,
Senthilselvan A (eds). Introduction. Agricultural Health and
Safety. Boca Raton, FL: CRC Press, 1995.

4. U.S. Commission on Agricultural Workers: Report of the Com-
mission on Agricultural Workers, 1992. Appendix I. Case stud-
ies and research reports. Appendix II. Hearings and workshops.
Washington, DC, CAW, 1993.

5. Mehta K, Gabbard SM, Barrat V, Carroll D, Mines R. Findings
from the National Agricultural Workers Survey (NAWS) 1997-
1998: A Demographic and Employment Profile of United States
Farmworkers. Washington, DC: U.S. Department of Labor,
March 2000. Available at: <http://www.dol.gov/dol/asp/
public/programs/agworker/naws.htm>.

6. Moses M. Pesticide-related health problems and farmworkers.
AAOHN Journal. 1989;37:115-30.

7. U.S. General Accounting Office. Pesticides on Farms: Limited
Capability Exists to Monitor Occupational Illnesses and Injuries.
Washington, DC, GAO, 1993. PEMD-94-6.

8. Council of State and Territorial Epidemiologists. 1999 CSTE
Annual Meeting. CSTE Position Statement # Env 3. Available at
<http://www.cste.org/ps1999/ENV3.doc>.

9. Mines R, Gabbard R, Boccalandro B. Findings from the
National Agricultural Workers Survey (NAWS) 1990: A Demo-
graphic and Employment Profile of Perishable Crop Farm
Workers. Research Report No. 1. U.S. Department of Labor,
Office of the Assistant Secretary for Policy, 1991.

10. Moses M, Johnson ES, Anger WK, et al. Environmental equity
and pesticide exposure. Toxicol Ind Health. 1993;9:913-59.

11. Steege A. Unpublished 1999 data, National Agricultural Work-
ers Survey, NIOSH Health Supplement.

12.  Centers for Disease Control. Updated guidelines for evaluating
public health surveillance systems. MMWR. 2001;13:1-31.

13. Teutsch SM. Considerations in planning a surveillance system.
In: Teutsch SM, Churchill RE (eds). Principles and Practice of
Public Health Surveillance. Oxford, U.K.: Oxford University
Press, 1994.

14. National Institute for Occupational Safety and Health. Case def-
inition for acute pesticide-related illness and injury cases
reportable to the National Public Health Surveillance System.
Cincinnati, OH: NIOSH, Centers for Disease Control, 1998;
unpublished.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

Calvert GM, Barnett M, Blondell JM, Mehler LN, Sanderson
WT. Surveillance of pesticiderelated illness and injury in
humans. In: Krieger R (ed). Handbook of Pesticide Toxicology.
2nd ed. San Diego: Academic Press. In press.

Calvert GM. SENSOR-pesticides annual report: fiscal year 2000.
Cincinnati, OH: Centers for Disease Control and Prevention,
National Institute for Occupational Safety and Health, 2001;
Unpublished.

Blondell J. Epidemiology of pesticide poisonings in the United
States, with special reference to occupational cases. Occupa-
tional Medicine: State of the Art Reviews. 1997;12:209-20.
California Health and Safety Code Section 105200. Available at
<http://www.leginfo.ca.gov>.

California Code of Regulations. Title 8. Section 9785. Reporting
Duties of the Primary Treating Physician. Available at: <http://
ccr.oal.ca.gov/>.

California Department of Pesticide Regulation. Summary of
results from the California Pesticide Illness Surveillance Pro-
gram, 1999. California Environmental Protection Agency,
CDPR, 2001; HS-1811. Available at <http://www.cdpr.ca.gov>.
Griffith J, Duncan RC, Konefal J. Pesticide poisonings reported
by Florida citrus fieldworkers. J Environ Sci Health. 1985;
B20:701-27.

Spigiel RW, Gourley DR, Holcslaw TL, et al. Organophosphate
pesticide exposures in farmers and commercial applicators.
Clin Toxicol Consult. 1981;3:45-50.

Maizlish N, Rudolph L, Dervin K. The surveillance of work-
related pesticide illness: An application of the SENSOR model.
Am ] Public Health. 1995;85:806-11.

Villarejo D, Lighthall D, Williams III D, et al. Suffering in
silence: a report on the health of California’s agricultural work-
ers. Woodland Hills, CA:California Endowment, 2000.

Arcury TA, Quandt SA, Rao R, Russel GB. Pesticide use and safety
training in Mexico: the experience of farmworkers employed in
North Carolina. Human Organization. 2001;60:56-66.

Slesinger DP, Cautley E. Medical utilization patterns of Hispanic
migrant farmworkers in Wisconsin. Public Health Rep. 1981;
96:255-63.

Slesinger DP. Health status and needs of migrant farm workers
in the United States: a literature review. ] Rural Health. 1992;
8:227-34.

White-Means SI. Health characteristics and utilization of public
sector health facilities among migrant agricultural workers in
Orange County, New York. ] Health Social Policy. 1992;4:57-75.
U.S. Environmental Protection Agency. Pesticides and national
strategies for health care providers: workshop proceedings:
April 23-24, 1998. U.S. EPA, 1998. EPA 735-R-98-001.

Liebman A, Harper S. Environmental health perceptions
among clinicians and administrators caring for migrants.
Streamline (Migrant Clinicians Network). 2001;7:1-4. Available
at <http://www.migrantclinician.org/pdfs/Streamline_May
JuneOl.pdf>.

Fleming LE, Herzstein JA. Emerging issues in pesticide health
studies. Occupational Medicine: State of the Art Reviews. 1997;
12:387-97.

Engel LS, O’Meara ES, Schwartz SM. Maternal occupation in
agriculture and risk of limb defects in Washington State, 1980-
1993. Scand ] Work Environ Health. 2000;26:193-8.

Arbuckle TE, Sever LE. Pesticide exposures and fetal death: a
review of the epidemiologic literature. Crit Rev Toxicol. 1998;
28:229-70.

Khuder SA, Mutgi AB, Schaub EA. Meta-analyses of brain cancer
and farming. Am | Ind Med. 1998;34:252-60.

Le Couteur DG, McLean AJ, Taylor MC, Woodham BL, Board
PG. Pesticides and Parkinson’s disease. Biomed Pharmacother.
1999;53:122-30.

Kiefer MC, Mahurin RK. Chronic neurologic effects of pesticide
overexposure. Occupational Medicine: State of the Art Reviews.
1997;12:291-304.

Hoar-Zahm S, Ward MH, Blair A. Pesticides and cancer. Occu-
pational Medicine: State of the Art Reviews. 1997;12:269-89.
Sever LE, Arbuckle TE, Sweeney A. Reproductive and develop-
mental effects of occupational pesticide exposure: the epidemi-
ologic evidence. Occupational Medicine: State of the Art Reviews.
1997;12:305-25.

California Department of Food and Agriculture. California

VOL 7/NO 4, OCT/DEC 2001

Pesticide lliness in Migrant Farm Workers e« 311



40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

59.

Agriculture Facts: 1997. Available at <http://www.cdfa.ca.gov/
statistics/ california.html>.

California Department of Pesticide Regulation. Summary of
Pesticide Use Report Data 1999: Indexed by Chemical: Prelimi-
nary Data. CDPR, 2000. Available at <http://www.cdpr.ca.
gov/docs/pur/purmain.htm>.

Health Resources and Services Administration. Migrant and
seasonal farmworker enumeration profiles study: California.
2000; Prepared for the Migrant Health Program: Bureau of Pri-
mary Health Care: HRSA. Available at <www.bphc.hrsa.
gov/migrant/enumeration/enumerationstudy.htm>.
Rosenberg HR, Steirman A, Gabbard SM, Mines R. Who works
on California farms? U.S. Department of Labor NAWS Report
No. 7. Oakland, CA: University of California. Agricultural and
Natural Resources, 1998. Publication 21583.

Sentinel Event Notification System for Occupational Risk.
SENSOR Pesticide Poisoning California. Semiannual Report
June 2001. California Department of Health Services. 2001.
Unpublished.

U.S. Commission on Agricultural Workers. Report of the Com-
mission on Agricultural Workers. Voss HJ, Sorn GF, Committee
Chairs. Washington, DC, 1992.

Davis S, Leonard JB. The ones the law forgot: children working
in agriculture. Washington, DC: Farmworker Justice Fund, 2000.
U.S. Department of Labor. Report to Congress: The Agricul-
tural Labor Market—Status and Recommendations. 2000; U.S.
DOL. Available at <http://migration.ucdavis.edu/rmn/labor_
resources/dec_2000_labor.htm>.

Runyan JL. Summary of Federal Laws and Regulations Affecting
Agricultural Employers, 2000. Food and Rural Economics Divi-
sion, Economic Research Service, U.S. Department of Agricul-
ture. Agricultural Handbook No. 719.

Code of Federal Regulations. Field Sanitation. Title 29 CFR,
Part 1928.110. Available at <http://www.osha-slc.gov/OshStd_
toc/OSHA_std_toc_1928_SUBPART_l.html>.

California Code of Regulations. Field Sanitation. CCR Title 8, Sec-
tion 3457. Available at <http://www.dir.ca.gov/title8/3457. html>.
Code of Federal Regulations. Pesticide Worker Protection
Standard. 40CFR Part 170. Available at <http://www.epa.gov/
pesticides/safety/workers/workers.htm>.

Arcury TA, Quandt SA, Austin CK, Preisser J, Cabrera LF. Imple-
mentation of EPA’s Worker Protection Standard Training for
agricultural laborers: an evaluation using North Carolina data.
Public Health Rep. 1999;114:459-68.

Arcury TA, Quandt SA, Cravey AJ], Elmore RC, Russell GB.
Farmworker reports of pesticide safety and sanitation in the
work environment. Am J Ind Med. 2001;39:487-98.

Das R, Harrison R, Sutton P, et al. Farm worker illness following
exposure to carbofuran and other pesticide —Fresno County,
California, 1998. MMWR. 1999; 48:113-6. Available at <http://
www.cdc.gov/epo/mmwr/preview/mmwrhtml/00056485.htm>.
Austin C. Arcury TA, Quandt SA, Preisser JS, Saavedra FM,
Cabrera LF. Training farmworkers about pesticide safety: issues
of control. ] Health Care Poor Underserved. 2001;12:236-49.
California Code of Regulations. Medical Supervision. Title 3,
Section 6728.

Wilson BW, Sanborn JR, O’Malley MA, Henderson HD, Billitti
JR. Monitoring the pesticide-exposed worker. Occupational
Medicine: State of the Art Reviews. 1997; 12:347-63.

U.S. Government Accounting Office. Community Health Cen-
ters. 1996; GAO HEHS-00-39.

U.S. Congress. Health Centers Consolidation Act of 1996. Public
Law 104-299, October 11, 1996; 104th Congress [S. 1044].
Bureau of Primary Health Care, Division of Community and
Migrant Health. Migrant Health Program. Available at <http://

60.

61.

62.

63.

64.
65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

bphc.hrsa.gov/programs/MHCProgramInfo.htm >.

Bureau of Primary Health Care. National Center for Farm-
worker Health. Migrant Health Referral Directory. Available at
<http:/ /www.ncfth.org/servlet/ReferralServlet>.

Azevedo K. Medical insurance coverage and usage among farm-
worker families: a case study. California Program on Access to
Care. California Policy Research Center, University of Califor-
nia. 2000;12:1-4. Available at <http://www.ucop.edu/cprc/
azevedobrf.pdf>.

Pease WS, Morello-Frosch RA, Albright DS, Kyle AD, Robinson
JC. Preventing pesticide-related illness in California agriculture.
California Policy Seminar. Center for Occupational and Envi-
ronmental Health. Berkeley, CA: University of California, 1993.
Hakkert BC. Refinement of risk assessment of dermally and
intermittently exposed pesticide workers: a critique. Ann Occup
Hyg. 2001;45 suppl:S23-528.

Lushniak BD. The epidemiology of contact dermatitis. Derma-
tol Clin. 1995;13:671-80.

O’Malley MA. Skin reactions to pesticides. Occupational Medi-
cine: State of the Art Reviews. 1997;12:27-345.

Fenske RA. Pesticide exposure assessment of workers and their
families. Occupational Medicine: State of the Art Reviews. 1997;
12:327-45.

McCauley LA, Lasarev MF, Higgins G, et al. Work characteristics
and pesticide exposures among migrant agricultural families: A
community-based research approach. Environ Health Perspect.
2001;109:533-8.

van Drooge HL, Groeneveld CN, Schipper HJ. Data on applica-
tion frequency of pesticides for risk assessment purposes. Ann
Occup Hyg. 2001;45 suppl:S95-S101.

Carmichael NG. Critique of the paper: could pesticide toxicol-
ogy studies be more relevant to occupational risk assessment?
Ann Occup Hyg. 2001;45 suppl:S19-S21.

Californians for Pesticide Reform. Toxic Secrets: “Inert” Ingre-
dients in Pesticides 1987-1997. Californians for Pesticide
Reform and the Northwest Coalition for Alternatives to Pesti-
cides (NCAP), 1999. Available at <http://www.efn.org/~ncap/
inertsreport.pdf>.

California Department of Pesticide Regulation. Air monitoring
for methyl isothiocyanate during a sprinkler application of
metam-sodium. Sacramento, CA: CDPR, 1994.

Gerstl Z, Mingelgrin U, Yaron B. Behavior of vapam and
methylisothiocyanate in soils. Soil Sci Soc Am J. 1977;41:545-8.
Clegg DJ, van Gemert M. Determination of the reference dose
for chlorpyrifos: proceedings of an expert panel. | Toxicol Env-
iron Health B Crit Rev. 1999;2:211-55.

U.S. Environmental Protection Agency. Inert Disclosure Stake-
holder Workgroup. U.S. EPA Office of Pesticide Programs, 2000.
Accessible at <http://www.epa.gov/pesticides/ppdc/inert>.
California Medical Association. CMA Resolution. Agricultural
Pesticide Drift. (Res. 115-99). CMA, 2000.

Fenske RA, Lu C, Simcox NJ, et al. Strategies for assessing chil-
dren’s organophosphorus pesticide exposures in agricultural
communities. | Expo Anal Environ Epidemiol. 2000;10:662-71.
Eskenazi B, Bradman A, Castorina R. Exposures of children to
organophosphate pesticides and their potential adverse health
effects. Environ Health Perspect. 1999;107, suppl 3:5409-S419.
U.S. Environmental Protection Agency. The national assess-
ment of the worker protection program. Workshop #2. Work-
shop Summary. Sacramento, CA:U.S. EPA, 2000. Available at
<http://www.epa.gov/oppfeadl/safety/>.

Burgess WA. Philosophy and management of engineering con-
trols. In: Harris RA (ed). Patty’s Industrial Hygiene and Toxi-
cology. 4th ed. Vol. III, Part A. New York: John Wiley & Sons,
2000: 129-80.

312

e Das et al.

INT J OCCUP ENVIRON HEALTH



